Natural products of mineral origin (alum, bismuth, calcium, magnesium, silicates and zinc compounds) have maintained their popularity as drugs over the course of time. Some evidence still suggests potential benefit of these substances. Therefore, this paper reviews the characteristic features of the respective minerals and their salts along the course of studies on these products.
Introduction
Elements and compounds composed of one or more minerals have long been used in pharmacy and medicine. Some of these substances have intrinsic therapeutic activity while others are useful as pharmaceutical excipients. Many of the therapeutically active ingredients are effective without being absorbed into the body, giving them low toxicity. In general, the mineral containing products are used for dermatological and gastrointestinal problems. The aim of this study is to review the source, therapeutic or adjunctive uses of and adverse reactions of soluble and insoluble natural substances of mineral origin. While the medicinal use of all mineral elements and compounds cannot be covered in this brief chapter, substances of major import will be reviewed.
Aluminum compounds
There are many drugs, adjuvants and excipients that are composed of salts of aluminum. In particular, aluminum adjuvants have been used in human vaccines since the 1920s although their mechanism of action remains elusive.
Alum. Alum has long been utilized in medicine. This substance exists in two forms, ammonium alum and potassium alum. In both cases the counter ion is sulfate (two sulfates to aluminum and potassium or ammonium). Alum is prepared from hydrated aluminum oxide (bauxite), potassium or ammonium sulfate and sulfuric acid. The ammonium form of alum is most widely used because of its favorable cost. Ammonium alum is crystalline, slightly sweet and "tart" tasting. It is soluble in water to the extent of about 1 g to 7 mL. Alum is an effective astringent for skin and mucous membranes. In the past, alum was included in mouthwashes, but this use has been abandoned because of damaging effects on teeth. The most common use of alum is to reduce body odor associated with excessive sweating. The mechanism for this antiperspirant effect is thought to be due to blocking the pores of the sweat glands by tightening the surface of the skin. Interaction with fatty acids liberated by the action of bacteria on skin lipids may contribute to the deodorant effect. Douches for vulvovaginal cleansing and leukorrhea may also contain alum. Solutions of 0.5% to 5% are usually effective for topical effects. Powdered alum can be used as a styptic to stop bleeding of minor cuts. In some cases of "nose bleeds" the nostrils may be plugged with cotton saturated with a solution of alum. The skin hardening properties of alum have been used by athletes to toughen the skin of the feet. Although not commonly employed for this purpose, a 0.5% to 1% solution of alum has a spermicidal effect. Finally, it has been demonstrated that alum induces higher antigen accumulation and increases antigen presentation by dendritic cells in vitro [1] . These results will make a significant contribution to the rational design of future vaccines. Ingestion of solutions of alum can cause gastrointestinal inflammation, vomiting and diarrhea. The treatment for this type of poisoning is the oral administration of demulcent solutions (such as milk) and an antacid. Other supportive measures may be necessary in severe instances of poisoning.
Simple aluminum salts. Several other aluminum containing solutions are used topically. These include aluminum acetate, aluminum sulfate and aluminum chloride or aluminum chlorohydrates. The first of these is known as Burrow's solution and is used as an external dressing or lotion (at a dilution of 10% or less) to treat acute vesicu1ar and weeping dermatitis and subacute cutaneous inflammation, including athlete's foot and diaper rash. It acts through a combined effect as an antiseptic, detergent and astringent. Like alum, aluminum chloride and the hydrate of aluminum chlorohydrates are used as antiperspirants. The chloride salt is sometimes prepared as a 20% solution in absolute ethanol whereas the chlorohydrate is usually prepared as an aqueous solution, lotion, or paste. The last preparation is considered generally less irritating than aluminum chloride solutions.
Aluminum complexes.
Various hydroxides of aluminum and other more complex salts and hydrates have been used internally to neutralize stomach acid. Although aluminum phosphate suspensions (containing 4-5% AlPO 4 ) have been used as antacids the more popular forms are colloidal suspensions (gels) of aluminum hydroxide (containing 3.6-4.4% Al 2 O 3 ) with peppermint oil and sweetening agents for flavor. In the stomach each molecule of aluminum hydroxide reacts with three hydrogen ions thus raising the intra gastric pH by neutralizing hydrochloric acid produced by the parietal cells. In the process aluminum chloride and water are produced. The neutralization takes place slowly as hydrogen ions diffuse into the hydrated gel and react with the hydroxyl ions. Each gram of aluminum hydroxide gel will neutralize approximately 12.5-25 mL of 0.1N hydrochloric acid. Generally, after a dose of approximately 10-15 mL of the aluminum hydroxide gel the pH of the stomach will be increased to between 3.5 and 5. Within this pH range pepsin, the proteolytic enzyme secreted by the stomach is at NPC Natural Product Communications 2013 Vol. 8 No. 3 419 -423 least partially inhibited. Furthermore, pepsinogen production from its precursor is greatly decreased in this pH range. Aluminum ions may also have intrinsic inhibitory activity towards pepsin, even under acidic conditions. The primary use of aluminum hydroxidecontaining antacids is in the treatment of gastritis and peptic ulcers of the esophagus, stomach or duodenum. By reducing acid and inhibiting pepsin activity the antacid counterbalances these aggravating factors, enabling the ulcers to heal. One of the most common side effects of aluminum hydroxide is constipation. Therefore, magnesium hydroxide, which has a mild laxative effect (see below), is often included to alleviate the side effect of constipation. Although aluminum is not readily absorbed by the gastrointestinal tract some aluminum ions can reach the systemic circulation. If, after long-term use, significant aluminum accumulates in the tissues there is the possibility for neural damage. Aluminum accumulation in the brain has been suggested as a possible factor in Alzheimer's disease [2] . Aluminum intoxication is a real concern in kidneys, where aluminum hydroxide is frequently used to prevent hyperphosphatemia. Certain drugs may have their absorption impaired by aluminum hydroxide gel. Among these are aminophylline, atropine, tetracycline, antibiotics, and ciprofloxacin. The preferred dosage form for aluminum hydroxide is as the liquid suspension. However, a dried form of aluminum hydroxide gel can be conveniently chewed. Aluminum hydroxide gel and numerous other antacid preparations are widely available without a prescription and are commonly used by consumers to treat "upset stomach", "sour stomach", "indigestion", and imagined or real peptic ulcers. However, these products are now rarely prescribed by physicians because of much more effective therapy, which attacks a bacteria (Helicobacter pylori) now known to be responsible for most forms of peptic ulcer disease. Aluminum hydroxide gel has been applied locally to treat a variety of skin conditions such as impetigo and eczematous lesions.
Bismuth salts
Traditionally, bismuth has been used in the treatment of dyspepsia. It has also been show to act as an antidiarrheal agent due to its antimicrobial, antiinflammatory and antisecretory properties. Bismuth is effective in the prevention of traveler's diarrhea (reduces the incidence of enterotoxigenic E.coli); moreover, it is effective in the treatment of irritable bowel syndrome and colitis [3] and inhibits the growth of H. pylori.
Bismuth is a component of complex salts used externally and internally. These include the subcarbonate, subgallate, subnitrate, potassium tartrate and subsalicylate. Bismuth subcarbonate is nearly insoluble in water and is used internally as an ingredient in mixtures used for the treatment of gastroenteritis and diarrhea. The subcarbonate has the advantage over the subnitrate salt (also used for gastrointestinal disturbances) in that it does not yield the potentially toxic nitrate. Bismuth subcarbonate is also used externally as a lotion, powder or ointment to soothe skin irritation. Bismuth magma is a mixture of bismuth hydroxide and bismuth subcarbonate. This suspension is used for the same conditions as bismuth subcarbonate. The subgallate salt is produced by reaction of gallic acid with bismuth hydroxide. The bright yellow powder has been used as an astringent/protective externally and internally. Bismuth subsalicylate was originally designed to provide bismuth ions for astringent and protective actions on the intestinal tract, and salicylate for possible antiseptic action. After oral administration, bismuth subsalicylate is hydrolyzed in the stomach, yielding bismuth oxychloride and salicylate ions [4] . A flavored suspension containing bismuth subsalicylate is reported to be of benefit in traveler's diarrhea caused by enterotoxigenic strains of E. coli [5] .
Boric acid. Boric acid is also called boracic acid or orthoboric acid. It is an inorganic acid available as a white, odorless powder, in crystalline or granular form.
Boric acid in aqueous solution (a 2.2% solution is isotonic with lacrimal fluid) is a weak buffer, which until recently was used as an eyewash. It has also been used in various solutions as a mild topical antiseptic for skin disinfection and cavitary (bladder, vagina) irrigation. In particular, clinical studies suggest that boric acid is a safe and alternative option for women with recurrent and chronic symptoms of vaginitis when conventional treatment fails because of the involvement of non-albicans Candida [6] . Boric acid may sometimes be included in dusting powders for diaper rash. This latter use is considered dangerous because even when employed as a dusting powder enough boric acid may be absorbed through irritated skin to produce toxicity. Indeed, fatal poisonings have occurred in infants following topical application to burns, denuded areas, or granulation tissue of solutions, ointments, or powders containing boric acid. If taken orally, boric acid is slowly, but well absorbed. Serious poisoning, signaled by nausea, vomiting, abdominal pain, diarrhea, headache, and visual disturbances can occur with as little as 5 g of boric acid. At higher doses (approximately 20 g in adults) or in susceptible individuals, shock, with hypotension, tachycardia, and convulsions may lead to a fatal outcome. The treatment of boric acid poisoning includes gastric lavage, and supportive measures.
Calcium and its compounds
It is well known that calcium is one of the main constituents of hydroxyapatite, the bone mineral that strengthen the mechanical resistance of the organic matrix. Observational studies suggest that products containing calcium can exert positive effects on bone acquisition and maintenance [7] . Epidemiological data have also shown that low calcium dairy intake is a risk factor for overweight and obesity [8] . There is also evidence regarding the role of calcium (and magnesium) prophylaxis to prevent the neurotoxicity induced by oxaliplatin, a drug for the management of colorectal cancer [9] . Apart from these considerations calcium containing substances are used in therapeutics to correct calcium deficiencies, to prevent or slow the progression of osteoporosis and as gastric antacids. Soluble calcium salts such as calcium chloride and calcium gluconate have been used in medicine, but most of the useful agents are precipitates of calcium. Calcium carbonate is nearly insoluble in water and is still used as a gastric antacid. One g of powder neutralizes about 200 mL of 0.1 N HCl, making it about equivalent to magnesium hydroxide as an antacid. Calcium carbonate is most often available as compressed tablets. The usual dose is 1g, four or more times daily. After reaction with acid in the stomach, calcium chloride is formed and carbonate is liberated. Thus, calcium carbonate is not a non-systemic antacid because some of the calcium, as well as carbonate or bicarbonate, can be absorbed into the blood stream. Side effects from excessive calcium carbonate include constipation and rebound acid secretion due to calcium stimulation of gastrin release [10] . Too much calcium may be a predisposing factor in the formation of kidney stones.
Magnesium containing substances
In comparison with calcium, magnesium is an "orphan nutrient" that has been studied considerably less. In nature magnesium exists as silver-white, shiny material. Magnesium is also found in foods including meat, vegetables and milk. In man, magnesium can effect a number of neurochemical processes that are known to be involved in migraine. Magnesium maintains calcium homeostasis by binding to N-methyl-D-aspartate glutamate receptors, modulates the release Natural products of mineral origin Natural Product Communications Vol. 8 (3) 2013 421 of substance P, and regulates the production of nitric oxide [11] . Magnesium is beneficial in acute myocardial infection, heart rhythm disturbances and in the management of preeclampsia and eclampsia. Magnesium also prevents or controls convulsions by blocking neuromuscular transmission and decreasing the release of acetylcholine at the motor neural terminal [12] . However, magnesium generally acts to counteract the effects of calcium in muscle and neural tissue.
It has been estimated that an adult human being contains about 20 g of magnesium, over half of which is present in bone, and a third in muscle. A deficiency of magnesium can result in neural irritability, convulsions and cardiac arrhythmia; low magnesium intakes and blood levels have been associated with type 2 diabetes [13, 14] .
Like aluminum, magnesium is a mineral that has served medicine and pharmacy well. The principal forms of magnesium are the carbonate, citrate, hydroxide, trisilicate, sulfate, oxide and stearate salts. Magnesium hydroxide suspension, also commonly known as milk of magnesia, is widely used as both an antacid and laxative. Milk of magnesia contains 7 -8.5% magnesium hydroxide as a suspension. As an antacid, the usual dose is 5 mL, which contains 385 mg of magnesium hydroxide. This dose will neutralize approximately 135 mL of 0.1N hydrochloric acid. Flavoring agents such as peppermint oil are often added to milk of magnesia to make it more palatable, and up to 0.1% citric acid is sometimes included to minimize interaction of the suspension with glass containers. The laxative dose of magnesium hydroxide suspension is 3-6 times greater than the dose required for an antacid effect. In the stomach, the insoluble magnesium hydroxide is converted to magnesium chloride as it combines with hydrogen ions.
Magnesium oxide may also be given orally for use as a gastric antacid. The oxide is first converted to the hydroxide in the stomach, slowing its speed and effectiveness of acid neutralization. A small amount (about 15% of a given dose) of magnesium is absorbed by the intestine. Because magnesium is utilized for several important functions in the body, this creates no problem or toxicity, unless there is impaired kidney function or an abnormal electrolyte balance. In rare situations where magnesium ions are administered intravenously, great care must be taken to avoid toxicity (see below).
Three forms of magnesium are commonly used as laxatives: the hydroxide, sulfate, and citrate salts. The laxative action is believed to be primarily due to the osmotic effect of magnesium and its counter ions, which are poorly absorbed by the intestine [15] . Other mechanisms including release of cholecystokinin [16] and stimulation of nitric oxide release [17, 18] have been proposed. The laxative effect caused by magnesium sulfate is primarily due to the accumulation of intraluminal fluid in excess of that which can be absorbed by the intestine, probably combined with indirect or direct effects on intestinal motility [17] . Magnesium hydroxide, as noted above, is a rather weak laxative, because only the magnesium ion enters the intestinal tract where it produces its osmotic effect.
Magnesium citrate solution is prepared by a combination of magnesium carbonate and citric acid. Citrate of magnesia is often flavored with lemon oil and is made effervescent by the addition of potassium or sodium bicarbonate. Like milk of magnesia, magnesium citrate solution owes its action primarily to the magnesium ion alone, and, therefore, a large volume (250 mL-350 mL, containing about 15 g of magnesium carbonate) of this preparation is required to produce a laxative effect.
Magnesium sulfate is perhaps the most potent of the magnesiumcontaining laxatives. This salt is a constituent of the water from many natural springs. A common name for magnesium sulfate is Epsom salts, derived from the fact that it was first crystalized in 1675 from the water coming from springs in Epsom, England. This natural salt is very soluble in water, making it easy to prepare hypertonic solutions. The usual dose of Epsom salts is 10-15 g (in approximately 15-20 mL of water) which, when given on an empty stomach, produces watery stools in about three hours. Magnesium sulfate is also sometimes used systemically to treat electrolyte abnormalities and conditions such as cardiac arrhythmia, convulsions (tetanus), and uterine contractions associated with magnesium deficiency; the use of magnesium sulfate in treating acute asthma is also established [12] . Recently, it has also been observed that antenatal treatment with magnesium sulfate during premature deliveries seems to be associated with health benefits for the infants [19] . Particular care must be taken if magnesium ions from any source are administered intravenously because of the danger of overdose and death. One antidote for treating magnesium overdose is intravenous calcium gluconate. One other preparation, magnesium stearate, deserves mention. Magnesium stearate is comprised of magnesium with varying proportions of palmitic and stearic acids, along with up to 8% magnesium oxide. This white, fine, yet bulky-textured, powder is insoluble in water. It is not harmful if taken internally and is widely used as a lubricant in the manufacture of tablets and in the compounding of soothing ointments and powders.
Silicates of natural origin
Bentonite and kaolin are hydrated aluminum silicates while attapulgite is a hydrated magnesium aluminum silicate. Bentonite is a fine, cream-colored powder. It is insoluble in water but swells to approximately twelve times its volume when added to water. The stability of bentonite suspensions is affected by pH, with alkaline conditions being more favorable. It forms a slippery paste-like gel the consistency of which can be regulated by varying the amount of water. In aqueous suspension bentonite particles are negatively charged, causing an attraction for positively charged particles. This property may account for the ability of bentonite to clarify suspensions containing positively charged particles.
Bentonite is used in the pharmaceutical and other industries as an adsorbent, stabilizing, clarifying and suspending agent. It has also been used as a binding agent to prevent mycotoxin contamination of food [20] . A common form utilized in pharmaceutical or cosmetic products is bentonite magma, prepared as a 5% (w/v) suspension in hot water. Bentonite can be taken internally, but is most often used for products intended to be used externally.
Kaolin is a generic term applied to various natural hydrated aluminum silicates. Like bentonite, kaolin is a "clay". There are at least three classes of clays classified as kaolin; these are kaolinite, diskite, and nacrite. In its native form kaolin is impure, being contaminated with ferric oxide (giving it a red color) or other impurities such as magnesium and calcium carbonates (which, like ferric oxide, alter the color of the product in nature). Although kaolin from some sources around the world is considered of a fine enough quality for pharmaceutical use, most kaolin is purified from the naturally occurring clays by treatment with strong acids, washing with water, drying and screening. Various preparations of kaolin have been used externally and internally for their protective effect on the skin and presumably the mucous membranes. Application of dusting powders containing kaolin to weeping skin lesions produces a desirable drying effect.
Attapulgite and kaolin are commonly used as suspensions, given orally to treat non-pathogenic or idiopathic diarrhea [21, 22] and in cases resulting from antiretroviral therapy. Use of both adsorbent agents in chronic diarrhea is not recommended except for temporary symptomatic treatment until a cause for the diarrhea can be determined [23, 24] . So, attapulgite is not able to control diarrhea in HIV/AIDS patients [25] . These preparations should not be used if either fever or blood in the stools are associated with diarrhea. It is believed that these substances provide a protective coating for irritated intestinal mucosa, and absorb water to reduce the fluidity of stools. Furthermore, it is commonly held that toxins associated with various forms of enteritis are adsorbed by the kaolin or attapulgite particles thus removing them from interaction with the intestinal mucosa. Because they are insoluble they probably do not release significant quantities of aluminum, magnesium or silicate ions within the intestine. Although kaolin has been used in the past for treating ulcerative colitis there is little evidence to support this therapeutic approach today. It is a common practice to use kaolin as a mixture with pectin (a polyuronic polymer from citrus fruit or apple pumice) in antidiarrheal preparations. The usual oral dose of kaolin/pectin suspensions is 60-120 mL after each loose bowel movement; this represents approximate1y 10-25 g of kaolin per dose. Attapulgite is usually used at considerably lower doses than kaolin, usually 1.2-3 g (30 mL of commercial preparations). Both kaolin and attapulgite reduce the absorption of a considerable number of drugs. This is believed to be through a physical complexation or adsorption of the drugs onto the surface of the suspended particles. The clinical significance of these interactions will vary, depending upon the particular drug, its dose, and the timing of its administration relative to the antidiarrheal preparation. The drugs most likely to interact with kaolin and attapulgite are the digitalis glycosides, lincomycin-type antibiotics, phenothiazine/thioxanthene antipsychotics and xanthines (e. g., oxtriphylline, theophylline). In order to prevent or reduce the extent of these interactions it is recommended that preparations containing kaolin or attapulgite be administered not less than two hours before or three to four hours after the above-mentioned types of drugs.
Talc is found throughout the world, including the United States, where high quality deposits exist in North Carolina. It is composed of primarily magnesium silicate. It is a fine, white, crystalline powder. Its lack of grittiness and smooth texture make it particularly suitable as a dusting powder for soothing irritated skin. It tends to have a lubricating action on the skin. Talc is also known as talcum powder, french chalk, and soapstone. Latex gloves are often coated with talc, which serves as a lubricant to aid in their removal. The use of talc on surgeons' gloves, however, is not without consequences; even small amounts of talc deposits deposited in tissues may cause granuloma formation. Some advantage has been taken of talc's properties in patients with recurrent episodes of pneumothorax. Sterile talc is sprayed through an endoscope into the pleural space after rupture and collapse of the lung. This induces a mild irritation and adherence of the lining of the lungs to the chest cavity. However, inhalation of talc is suspected to have caused or contributed to an increased incidence of mesothelioma [26, 27] , while use of talc in genital hygiene may cause endometrial and ovarian cancer [28] . In pharmaceutical preparations talc is used as a filtration medium for coating liquids and as a lubricant for the manufacture of tablets. It is also sometimes used in the dispersion of poorly water soluble substances such as volatile oils in aqueous or hydroalcoholic mixtures.
Magnesium trisilicate (magnesium oxide plus silicon dioxide) is sometimes added to other magnesium preparations, or used alone, as an antacid. In the stomach the trisilicate takes on a gel-like consistency, which may adhere to ulcer lesions and have a protective action. For all these antacids the magnesium chloride formed in the stomach reacts with bicarbonate in the duodenum to produce magnesium carbonate (which is excreted in the stools) and sodium chloride (which is readily absorbed). A potential side effect of excessive trisilicate consumption is the formation of silicate kidney stones. In the doses usually used, magnesium hydroxide, magnesium trisilicate and magnesium carbonate do not produce a laxative effect.
Zinc compounds
Zinc is an essential element, for the normal activity of many physiological functions, such as growth, immune function and reproduction. Zinc also is believed to counteract and to stimulate the healing of wounds on the skin. Zinc deficiency induces some physiological problems, including anorexia, growth retardation, dermatitis, taste disorder and hypogonadism [29] . On the other hand, liquid zinc seems to play a role in Alzheimer's disease, since it seems to mediate the aggregation and neurotoxicity of amyloidbeta, the main constituent of the amyloid plaques, commonly seen in Alzheimer's disease [30] . Zinc may be used medicinally in various forms including zinc oxide and the chloride, stearate, and sulfate salts. In addition, zinc is formulated into oral health product to control plaque, reduce malodor and inhibit calculus formation [31] .
Zinc oxide is a white powder that is insoluble in water and ethanol. It is widely used in dermatology either by itself or with other ingredients, to provide a protective and mildly astringent effect. Zinc oxide ointment is a common preparation containing 20% zinc oxide, 15% mineral oil and 65% white petrolatum. A variation of this is zinc oxide paste (also known as Lassar's paste), which contains 25% zinc oxide, 25% starch and 50% white petrolatum. This paste preparation is used where there is oozing of fluid from the skin.
Zinc chloride is an astringent, antiseptic and deodorant, with caustic effects at a concentration of about 30%. Sometimes zinc chloride at a concentration of 0.5% to 1% is used in mouthwashes. Zinc sulfate is a colorless crystalline powder which readily dissolves in water, but is insoluble in ethanol. It can be used externally or internally. Externally it has been employed as an astringent at an aqueous concentration of 0.2 to 1%. At a concentration of 0.25% zinc oxide has been added to eye drops for the treatment of conjunctivitis caused by certain strains of bacteria. For pustular or exudative skin lesions zinc sulfate has been combined with sulfur to produce a soothing, aqueous lotion. Used internally in milligram amounts zinc sulfate is sometimes included in vitamin/mineral supplements. In gram quantities zinc sulfate has been used as an antiemetic. Finally, evidence suggests potential benefit of zinc supplementation in depression [32] .
